SUPPLEMENTAL MATERIAL

Triaxus profiler and data processing:
Triaxus is a towed, undulating vehicle designed for making quasi-synoptic, highresolution, three-dimensional surveys of the upper ocean. In order to resolve short horizontal scales, we limited Triaxus profiles to 150 m depth with vertical speed of 1 ms -1 and horizontal speed of roughly 3 ms -1 . This typically provided one complete up/down profile per kilometer. Triaxus payload included dual, pumped Seabird temperature and conductivity sensors, chlorophyll fluorometer, transmissometer, and dissolved oxygen sensor. Triaxus also carried 300 kHz (down-looking) and 1200 kHz (up-looking) RDI ADCPs.
Fig. S1:
The Triaxus towed profiler, sitting on deck ready for deployment. Dual, pumped temperature and conductivity sensors are visible on the inside of the port flight surface. The down-looking ADCP can (barely) be seen suspended from the interior side of the lower starboard payload tube, while the up-looking ADCP sits inside the upper port payload tube.
Potential density was estimated from the temperature and conductivity of seawater, recorded at 24 Hz. Conductivity sensor response was matched to that of the temperature sensor by applying corrections for sensor geometry, flow lag and thermal mass prior to computing salinity and potential density.
Velocity Processing:
Velocity was computed by combining data from the ship-mounted RDI 150 kHz narrowband Acoustic Doppler Current Profiler (ADCP) and the two ADCP's carried by Triaxus. The 300 (down-looking) and 1200 kHz (up-looking) Triaxus ADCPs were used to estimate shear over the depth range of the towed profiler via a technique similar to the inverse method used for processing measurements collected with lowered ADCPs (Visbeck, 2002) . Pings from different depths are combined to produce the best estimate, taking into account the vertical and horizontal motion of the profiler (Fig. S2a) . By using Triaxus-based shear when the vehicle is close to the surface, we can extend shear and velocity (vertically integrated shear) estimates to depths closer to the surface than can be measured using ship-mounted ADCP. (Fig. S2b ) 
Computation of Velocity confluence at front
Velocity confluence is estimated from direct velocity measurements recorded from the shipboard ADCP. Taking the fields as being only functions of space (frozen in time), we estimate ∂u/∂x as the gradient of velocity (averaged over 4 km from the center of the front) along the east distance, and ∂v/∂y as the horizontal gradient between velocity estimates obtained from distances between 2 and 4 km north and south of the front (Fig.  S3) . The calculation shown here is for velocities averaged between 30 and 200 m. Different depth averages have little impact on the horizontal gradients. Large scale velocity gradients are also calculated from the smooth satellite altimetry SSH estimate, using geostrophy (a non-divergent estimate by assumption). For consistency, results are plotted here as functions of space (bottom axis) and time (top axis) along the survey track. Although the gradients from the satellite SSH are weaker, the general pattern of north/south convergence in the first half of the survey, associated with an acceleration of the flow along the front, agrees with the direct measurements. 
Lagrangian float
The Lagrangian float is similar to the model MLFII described by D'Asaro (2002). The float is 1.5-m long and designed to follow the average three-dimensional motion of the water immediately surrounding it. This is achieved by matching the ambient density and having a large vertical drag provided by a 0.8 m 2 folding cloth drogue, so that any residual buoyancy will result only in small deviations from the vertical velocity of the fluid. The float measures its depth from the pressure at a central location on the float, and determines vertical velocity from its rate of change. Because there are no variations in pressure along Lagrangian trajectories of linear surface waves, and oceanic surface waves are well approximated as linear, the velocities and accelerations measured by the Lagrangian float are nearly uncontaminated by surface wave velocities.
The float measured density using two Seabird 41CT temperature/salinity pairs mounted on the top and bottom of its hull, so that the intakes of the two sensors are 1.4m apart. The float uses data from these sensor and estimates of the equation of state of seawater and the float to continuously match the float's density to that of the water by adjusting the float's volume using a motor-driven piston. Measurements of temperature, salinity are recorded every 30 seconds; measurements of pressure are recorded at 1 Hz.
The float was acoustically tracked using a Trackpoint II USB system operating at 13/15 KHz. The tracking transducer was mounted in a well near the stern of the ship. The float carried a transponder board integrated into the hull and an ITC-2044 transducer suspended near the bottom CTD.
Float dissipation rate calculations:
Boundary layer average dissipation was computed by fitting the analytical spectral forms (18) to spectra computed for each Lagrangian drift as shown in Fig. S4 . Acceleration spectra were computed from time series of vertical velocity. The units of the acceleration spectrum are the same as dissipation (Wkg -1 ); the dissipation rate is about twice the level of the highest point in the spectrum. Confidence limits on spectra, dissipation rates and vertical kinetic energy are found by creating 300 Gaussian realizations of each fit spectrum and refitting each of these to form an ensemble of values for each Lagrangian drift. The observed spectra fall outside of the 95% confidence limits significantly more than 5% of the time, suggesting that the turbulence is significantly intermittent. We do not account for this in the analysis.
Fig. S4. Lagrangian acceleration spectra for each Lagrangian drift (red).
Analytical forms fit to these data are shown in black (thick), with 95% spectral confidence limits computed from 300 Gaussian realizations of the fit spectrum. Central time and estimated dissipation are listed on the top of each panel. Sharpest front SF2 is in the upper right corner.
Potential Vorticity calculation:
The potential vorticity at the front is evaluated by estimating all the terms of the Ertel PV. The along-front gradients are found to be at least a factor of 5 smaller than the acrossfront gradients and are ignored. This found to hold both in a frame following the Lagrangian float and in a 'geographic' (frozen in time) frame. Horizontal gradients are evaluated for each section across the front over a scale of 1-km around the sharpest surface density gradients, requiring the ship to hold a constant heading for at least 2 km on either side of the front (Fig. S5a) . Shorter sections are used in combined estimates and to estimate error bars. Vertical gradients of density and along-front velocity are evaluated at the vertical resolution of the measurements (~2 m). All gradients are averaged between depths of 5 and 15 m.
Note that the SF is very sharp -the negative PV exist on a spatial scale less than 1 km, and only in the top 20 m. As shown in Figure S5b , the magnitude of the negative PV signal strongly depends on the spatial scale of the average: the PV estimated from gradients estimated over horizontal scales of 2 km is roughly half of that obtained from 1 km gradients. Over scales of 4 km or more, the signal is not significantly different from 0 (and, similarly, the flow becomes more or less geostrophic: ∂u/∂z ≈ f -1 ∂b/∂y.). The front is sharper that 1 km (see next section), and resolving the horizontal gradients over smaller horizontal scale would be necessary to correctly estimate the magnitude of the negative potential vorticity. We do not have accurate estimates of the horizontal velocity (5-10) or sub-surface buoyancy over these scales, so this calculation is limited here to the 1-km gradients. Fig. S5 : a) Near-surface potential vorticity at the float around the time of SF2, estimated from Triaxus data. Each term is evaluated for each section across the front as the average between 24.8 < s q < 24.9 and 5 < z <15 m. The total PV (black) is the sum of Q 1 (green) and Q 2 (blue). The survey does not resolve the front very well before SF2, so estimates are plotted in dashed. b) Dependence of the near-surface potential vorticity at the SF on the averaging scale.
EBF calculation
The Ekman buoyancy flux (EBF) is calculated from the spatial gradients of surface density and the wind stress obtained from ship measurements. As for Q, the scale over which spatial gradients are calculated is crucial. However, since velocity does not need to be computed, higher resolution can be obtained by using the ship's underway SST sensor, which samples the temperature of the water intake for the engines at 1 Hz. Given the time lags and noise of the system, and the typical ship speed, we estimate the horizontal resolution of underway temperature is about 200 m. Using the relationship between temperature and salinity from near-surface Triaxus data, the time series of underway SST across the SF is expressed in terms of sea-surface density in Fig. S6a and compared to the Triaxus data. During the survey, the ship followed the Lagrangian float, trying to the resolve spatial gradients across the front while sampling near the float with a high temporal resolution. The resulting cruise track (Fig. S7a, showing the first 15 hours) is a compromise between both. The cross-front buoyancy gradient, here estimated over horizontal scales of 200 m, particularly when plotted in density space (Fig. S7b) is well resolved at and after the time of the sharpest front (yd=137.75), but the survey was too far to the north of the front for several hours before SF2 to accurately describe the density field during this time. The ship track barely crosses over the front at the time of SF1, making the estimation of the density structure during this time marginal. The time series of the horizontal buoyancy gradient (Fig. S7c) near the float is estimated as the minimum gradient in the range 24.75 < σ θ < 25. Error is estimated from a combination of the noise in the density estimate and the width of the distribution of density estimates around the lowest gradients.
The EBF ( Figure S7d) is estimated from the cross-front buoyancy gradient and alongfront wind stress, in a coordinated system defined by the direction of travel of the Lagrangian float. We assume that the along-front buoyancy gradient and its product with the cross-front wind-stress are negligible. Error bars are dominated by the distribution of density observations on either side of the front, the uncertainty in the float position, and on the uncertainty of wind direction. Note that when using surface horizontal gradients estimated over spatial scales of 1-km (from Triaxus) instead of 200 m (underway SST), the EBF is about a factor of 4 smaller. To express the EBF in terms of a heat flux, one needs to multiply it by r c P a -1 g -1 ≈ 1.7 × 10 9 , i.e. 15 × 10 -6 W kg -1 ⇔ ~25,000 W m -2 .
